The functional outcome of schizophrenia is heterogeneous and markers of the course are missing. Functional outcome is associated with social cognition and negative symptoms. Gesture performance and nonverbal social perception are critically impaired in schizophrenia. Here, we tested whether gesture performance or nonverbal social perception could predict functional outcome and the ability to adequately perform relevant skills of everyday function (functional capacity) after 6 months. In a naturalistic longitudinal study, 28 patients with schizophrenia completed tests of nonverbal communication at baseline and followup. In addition, functional outcome, social and occupational functioning, as well as functional capacity at follow-up were assessed. Gesture performance and nonverbal social perception at baseline predicted negative symptoms, functional outcome, and functional capacity at 6-month followup. Gesture performance predicted functional outcome beyond the baseline measure of functioning. Patients with gesture deficits at baseline had stable negative symptoms and experienced a decline in social functioning. While in patients without gesture deficits, negative symptom severity decreased and social functioning remained stable. Thus, a simple test of hand gesture performance at baseline may indicate favorable outcomes in short-term follow-up. The results further support the importance of nonverbal communication skills in subjects with schizophrenia.
Introduction
The outcome of schizophrenia is very heterogeneous, ranging from functional recovery to substantial decline. [1] [2] [3] While remission, that is, a low level of positive and negative symptoms, is frequently achieved with adequate treatment in the first episodes, only 40% of patients may achieve social or functional recovery, that is, vocational and social functioning in the normal range. 2 The achievement of functional recovery is not necessarily linked to remission of symptoms. 4 Meta-analyses demonstrated poor functional outcome to be related to impaired cognition, with slightly stronger effects of social cognition than neurocognition on outcomes. 5 The poor long-term outcome observed in some patients with schizophrenia is a result of several factors, including the course of the illness, social adversities, and availability of mental health care. 2 In addition, severe negative symptoms in the early course have frequently been reported in subjects with poor outcome. 3 Clinicians today have no reliable and readily available markers of treatment outcomes in schizophrenia. However, to truly individualize treatment efforts, markers are clearly needed. 6 Two symptom domains share a putative association with poor outcome in schizophrenia, that is, negative symptoms and impaired social cognition. Indeed, negative symptoms contribute to poor functional outcome and may also moderate the effect of cognitive impairment on functional outcome. 7 This is particularly true for the early course of schizophrenia. 8 Among negative symptoms, motivational deficits are particularly relevant for poor functional outcome in schizophrenia. [9] [10] [11] Negative symptoms tend to be stable over time, also in the early course. [12] [13] [14] Even though, findings of a recent meta-analysis suggest that negative symptoms may substantially improve in outpatient settings. 15 Social cognition is another important factor contributing to functional outcome in schizophrenia. 16 It includes processes involved in social interaction, such as perceiving, interpreting, and reacting to social cues. Besides deficits in perceiving and imitating affective facial expression 17, 18 or emotional prosody, 19 schizophrenia patients also share impaired perception, interpretation, and performance of gestures. [20] [21] [22] [23] Schizophrenia patients and subjects at risk for psychosis use hand gestures less frequently during social interaction. [24] [25] [26] In addition, up to 67% of patients present with clear deficits performing gestures. 21, 27, 28 Perception and performance of gestures are tightly coupled in schizophrenia, that is, poor perception is linked to impaired performance. 21 In subjects at risk for psychosis, gesturing is more frequently associated with wrong content. 29 These deficits in gesture perception and performance in schizophrenia are likely to impair reallife social interaction and therefore hamper social functioning. Cross-sectionally, hand gesture performance was linked to positive and negative symptoms, 18, 21, 22, 25, 29 while nonverbal social perception was predominantly associated with positive symptoms. 21, 30 Whether gesture deficits are predictive of poor functional outcome or negative symptom severity, however, remains unknown.
The current study tested whether the performance of hand gestures was predictive of symptomatic and functional outcome after 6 months. We hypothesized poor gesture performance at baseline to be associated with poor functioning (social and global), impairments in performance-based measures of outcome, and increased negative symptoms at follow-up. Furthermore, we tested whether nonverbal social perception was predictive of symptomatic and functional outcome after 6 months. Here, we hypothesized poor nonverbal perception at baseline to be associated with poor functioning but not with increased negative symptoms at follow-up.
Methods

Participants
This study was part of a larger investigation on gesture control in schizophrenia. Baseline data have already been reported. 21 In total, 28 patients with schizophrenia spectrum disorders participated in the 6-month follow-up tests. All patients were treated within an outpatient program, except one who was completely remitted and did not receive any treatment at the longitudinal assessment. Patients received continued outpatient treatment including pharmacotherapy, visits with psychiatrists, and case management. No specific psychosocial intervention was offered during outpatient care. Exclusion criteria were substance abuse or dependence other than nicotine; past or current medical conditions impairing motor function such as idiopathic parkinsonism, dystonia, or stroke; history of head trauma with concurrent loss of consciousness; and history of electroconvulsive treatment. Patients were interviewed using the Mini International Neuropsychiatric Interview 31 as well as the Comprehensive Assessment of Symptoms and History. 32 According to DSM-5 at baseline, 25 patients suffered from schizophrenia and 3 from schizophreniform disorder. All participants provided written informed consent. The protocol had been approved by the local ethics committee.
Procedures
Comprehensive assessment of psychopathology, gesture performance, and nonverbal social perception has been conducted at baseline. 21 Baseline measures of negative symptoms included the Clinical Assessment Interview for Negative Symptoms (CAINS) 33 and the Scale for the Assessment of Negative Symptoms (SANS). 34 Follow-up assessments included gesture performance, nonverbal social perception, the Positive And Negative Syndrome Scale (PANSS), 35 as well as measures of functional outcome. All clinical and psychopathological assessments at any time point were performed by one experienced clinical psychiatrist (K.S.), who had previously been trained by the senior (S.W.) to achieve interrater reliability of κ ≥ .8. In order to attain high attrition rates during follow-up, patients were approached by telephone up to five times to schedule assessment at 6 months. Furthermore, they received financial compensation for travel costs and participation in the follow-up assessments.
TULIA
The Test of Upper Limb Apraxia (TULIA) is a comprehensive assessment of gesture performance in two domains: following demonstration by the examiner (imitation) or on verbal command (pantomime). 36 Evaluation of the 48 items rated content and temporal-spatial errors from video recordings. Total scores range from 0 to 240. All ratings were performed by a single rater (S.W.), blind to diagnoses, clinical presentation, and assessment time point, who had been trained by the test developers (T.V. and S.B.). Intraclass correlations prior to the start of the study exceeded .83. Based on cutoff scores, 28 patients were classified into those with gesture deficits and those without gesture deficits at baseline (demographic and clinical data are given in supplementary table S1). The original cutoff score of 194 (2 SD below the mean of controls) separated patients with apraxia from healthy older adults (mean age 61 years). 36 We have determined a cutoff score of 210 from an age-and gender-matched control group that fit to typical samples of schizophrenia patients (mean age 40 years). 28 The cutoff is across both TULIA domains, thus may balance clear deficits in one domain. Patients with gesture deficits demonstrate content or temporospatial errors in the majority of gestures. In addition, patients with gesture deficits are older, are chronic, and have more impaired frontal lobe function and more motor symptoms.
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PONS
We applied the Mini Profile of Nonverbal Sensitivity (Mini-PONS) 38 to test nonverbal social perception.
The Mini-PONS includes 64 scenes from the original PONS, 39 in which short videos of 2 s each present a white woman with altering facial expression, voice intonation, and/or bodily gestures. Patients had to choose from two options the one that best describes the observed situation immediately after watching the video, for example, saying a prayer or talking to a lost child. The total scores range from 0 to 64. In one participant, PONS was not assessed at baseline.
Outcome
Functioning was assessed with the Social and Occupational Functioning (SOFAS) 40 and the Global Assessment of Functioning (GAF) from DSM-IV, mainly based on self-report. In addition, we assessed functional capacity, that is, the ability to adequately perform everyday skills that are relevant to functioning. Functional capacity was measured with the brief version of the University of California San Diego PerformanceBased Assessment (UPSA brief). 41 The brief version of the UPSA is limited to 10-to 15-min administration and consists of role-play tasks focusing on finances (eg, counting change or writing a check) and communication (eg, calling to reschedule an appointment). Scores range from 0 to 100, with higher scores indicating superior real world functioning. The UPSA brief has proven great validity in clinical samples.
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Statistical Analyses
Descriptive and clinical characteristics were compared between time points using paired t-tests. Simple correlation analyses were performed between psychopathological and outcome measures as well as TULIA and PONS scores at baseline. To test the categorical impact of gesture performance at baseline (patients with or without gesture deficits) on the course of psychopathology and outcome, we conducted repeated measures ANCOVAs testing the effects of time, group, and the Time × Group interaction including age and duration of illness as covariates.
To test the dimensional impact of gesture behavior on functional and symptomatic outcome (GAF, SOFAS, UPSA brief, and PANSS scores at follow-up), simple linear regression analyses were applied. Finally, we tested the additional contribution of baseline TULIA or PONS scores on the course of PANSS negative, PANSS positive, GAF, and SOFAS, applying hierarchical regression analyses. Here, we explored the effect of the baseline values (first step) and the additional contribution of baseline TULIA or PONS scores (second step) on follow-up values of the same rating scales. Within this approach, the magnitude of the R 2 change (∆R 2 ) was tested for significance. All analyses were performed with SPSS-22.
Results
Over the course of 6 months, positive symptoms (PANSS positive), total PANSS scores, and nonverbal perception (PONS) improved (table 1) . No changes were noted in negative symptoms (PANSS negative), GAF, SOFAS, medication dose, or gesture performance (TULIA). When classifying subjects according to the proportional change of scores into those with improving (≥10% better), declining (≥ 10% worse), or stable course (within 10% change), 14 patients (50%) improved, 5 (18%) declined, and 9 (32%) remained unchanged in the PANSS negative. Likewise, for the SOFAS course, 7 (25%) improved, 13 (46%) declined, and 8 (29%) remained unchanged.
Typical hand gesture errors included body-part-asobject errors (eg, use of the extended index finger to indicate the use of a toothbrush instead of the correct hand position during brushing the teeth) and errors of spatial orientation (ie, incorrect hand/finger posture relative to body or face). Furthermore, we observed errors of wrong content and incorrect movement sequences. Poorer baseline gesture performance and nonverbal perception correlated with higher symptom severity at follow-up and with impaired functional outcome at 6-month follow-up (table 2) . In fact, patients with a gesture deficit at baseline experienced decline in SOFAS and stable PANSS negative syndrome scores ( figure 1 and supplementary  table S2 ). Furthermore, performance-based measures of functional capacity at 6-month follow-up were worse in patients with gesture deficits at baseline, particularly in the communication domain (table 3) .
Functional outcome was associated with gesture performance in both categorical and dimensional ratings of gesture performance. Linear regression analyses indicated that TULIA at baseline predicted UPSA brief at 6 months (R adj 2 = .53, F = 32.3, β = .74, P < .001), GAF at 6 months (R adj 2 = .40, F = 18.6, β = .65, P < .001), SOFAS at 6 months (R adj 2 = .49, F = 26.7, β = .71, P < .001), and PANSS negative at 6 months (R adj 2 = .53, F = 32.3, β = .74, P < .001). Hierarchical linear regression analyses tested whether TULIA at baseline predicted the course of functioning and psychopathology (table 4, top). Better TULIA performance at baseline accounted for 8% of the variance for 6-month GAF, 13% of the variance for 6-month SOFAS, and 14% of the variance for 6-month PANSS negative.
Likewise, PONS at baseline predicted UPSA brief at 6 months (R adj 2 = .32, F = 13.0, β = .59, P = .001), GAF at 6 months (R adj 2 = .23, F = 8.8, β = .51, P = .007), SOFAS at 6 months (R adj 2 = .25, F = 9.5, β = .52, P = .005), and PANSS negative at 6 months (R adj 2 = .22, F = 8.2, β = −.50, P = .009). Hierarchical regression analyses also tested whether PONS at baseline predicted the course of functioning and symptoms (table 4, bottom). Better PONS performance at baseline accounted for 10% of the variance for 6-month PANSS negative. But PONS had no predictive value for functioning at follow-up.
Discussion
The outcome of schizophrenia is a complex issue for which there are currently no predictive markers available. The results of this study indicate that gesture performance and nonverbal social perception at baseline Measures of clinical rating scales for each assessment (baseline or follow-up) were correlated here.
Fig. 1.
Baseline gesture performance and course of social functioning and negative symptoms. Lines indicate means and standard errors of the mean (SEM). Baseline TULIA scores were used to dichotomize subjects into those with gesture deficits (n = 14) and those without gesture deficits (n = 14). Group × Time interactions were detected for PANSS negative (F 2, 28 = 7.0, P = .01) and SOFAS (F 2, 28 = 9.8, P = .004), both co-varied for age and duration of illness. PANSS = Positive And Negative Syndrome Scale; SOFAS = social and occupational functioning; TULIA = Test of Upper Limb Apraxia.
were associated with symptoms, functional capacity, and functional outcome after 6 months. Furthermore, hierarchical regression analyses demonstrated that both gesture performance and nonverbal social perception predicted the course of negative symptoms. But only gesture performance at baseline predicted functional outcome beyond the baseline measures. Thus, if these findings are replicated, a bedside test of hand gesture accuracy may become a marker of functional outcome in schizophrenia spectrum disorders after 6 months. We applied two sets of outcome measures. First, the performance-based measure UPSA brief, which evaluates actual problem solving. UPSA brief performance was predicted by both baseline measures TULIA and PONS, which explained different proportions of the UPSA brief variance (53% vs 32%). The UPSA brief scores are well in line with those reported in the literature from Swedish or US samples. 41, 43, 44 Second, we applied the GAF and SOFAS, which are rated mainly based on patients' selfreport. TULIA and PONS at baseline predicted a substantial proportion of GAF and SOFAS variance at follow-up, with better performance at baseline indicating superior functioning at follow-up. GAF and SOFAS were entered into hierarchical regression analyses and were predicted by gesture performance but not nonverbal social perception. Therefore, our results not only suggest that nonverbal communication skills were predictive of functional outcome, but further indicate that nonverbal performance skills are more useful than nonverbal perceptual skills when predicting the functional outcome at 6-month follow-up.
The main finding of our study is well in line with reports on the contribution of social cognitive impairments to poor functional outcome in schizophrenia. 5, 16, [45] [46] [47] One has to keep in mind that we applied rather direct measures of social cognition, that is, hand gesture performance and nonverbal social perception, both of which tended to slightly improve over time in our sample. However, more complex measures of social cognition demonstrated temporal stability in a 12-month longitudinal study as well as in a cross-sectional study in first episode schizophrenia. 47, 48 While poor social functioning at baseline predicted poor social function at 6-month follow-up, the baseline ability to perform hand gestures correctly added further information on social functioning at follow-up. Thus, an actual performance measure of nonverbal social skills may become a useful predictor of functional outcome. Indeed, those with poor gesture performance at baseline faced a decline of social functioning during follow-up.
Both gesture performance and nonverbal social perception at baseline predicted negative symptom severity at follow-up, even when controlling for baseline negative symptoms. This is in line with the notion that negative symptoms comprise two main factors, one of which is diminished expression 49 that should be related to poor gesture performance, the other is avolition. In fact, the association of gesture performance and negative symptom severity has been reported before, 22, 29 even though the correlation between impaired gesture performance and negative symptom severity was weak in some Note: Abbreviations are explained in the first footnote to tables 1 and 2. studies. 21, 27, 28 In contrast, nonverbal social perception was unrelated to negative symptoms in cross-sectional studies. 50, 51 However, broader measures of social cognition correlated with negative symptom severity. 47, 48 In the present study, TULIA correlated with several negative symptom ratings at baseline and follow-up, while PONS was only associated with negative symptoms at followup. Thus, negative symptom severity seems to be linked to nonverbal communication skills. Strikingly, poor baseline gesture performance indicated a group of patients with stable course of negative symptoms, while good performance was associated with amelioration of negative symptoms during follow-up.
The correct performance of hand gestures may critically contribute to nonverbal communication and therefore benefit social skills. 20 In addition, incorrect interpretation of hand gestures would interfere with communication, particularly, as schizophrenia patients are more likely to interpret accidental gestures as threatening or self-referential. 23, 30 Importantly, gesture performance and nonverbal social perception are strongly correlated in schizophrenia, that is, deficits in one domain are associated with impairments in the other. 21 Previous work of our lab and others has established that correct hand gesture performance relies on motor abilities, frontal lobe functions, and to some extent on working memory performance. 18, 21, 22, 27, 28 The cross-sectional analysis indicated that both impairments in gesture performance and poor nonverbal social perception were associated with the factor motor/frontal lobe dysfunction and with the factor positive symptoms/ working memory. 21 In the course of 6-month treatment, positive symptoms significantly improved. At the same time, scores on the Mini-PONS increased, suggesting that nonverbal social perception may improve as positive symptoms are controlled. However, at group level we failed to observe changes in gesture performance. Neither gesture performance nor nonverbal social perception at baseline explained any variance of PANSS positive at follow-up when controlling for the baseline PANSS positive score. Thus, any association between positive symptoms and nonverbal skills was cross-sectional.
The baseline TULIA scores were used to separate patients without gesture deficits from patients with gesture deficits based on cutoff scores. 28 In line with our previous studies, patients with gesture deficits were older and had been suffering longer from schizophrenia (supplementary table S1). 27 Gesture deficits are more frequently observed in patients with multiple episodes of the disorder. 37 Still, the Group × Time interactions for negative symptoms and social functioning (figure 1 and supplementary table S2) in the repeated measures ANCOVAs remained significant even when controlling for age and duration of illness. Furthermore, the dimensional assessment of gesture performance yielded similar results as the categorical one in the hierarchical regression analyses. Findings hold also true when restricting analyses to subjects with less than 15 years of illness duration ( supplementary table S5) .
If these findings can be replicated in larger studies with rigorous longitudinal statistics accounting for various associated clinical factors, baseline performance of hand gestures may help to identify subjects who require even more effort in treating or preventing negative symptoms and functional decline. Schizophrenia patients with clear gesture deficits have reduced gray matter within the left inferior frontal gyrus compared to schizophrenia patients without gesture deficits. 52 Thus, structural brain alterations within the semantic networks implicated in gesture and speech processing 53, 54 may contribute to poor hand gesture performance.
Social cognitive training has been effective in the domains of facial affect recognition and theory of mind. 55 Future studies need to establish whether the hand gesture deficits may be alleviated with specific nonverbal communication training. 20 Our findings suggest that this could also improve functional outcome.
Some limitations of the current study require discussion. First, the assessment of functional capacity with the UPSA brief has only been performed at follow-up. Baseline measures would have enabled hierarchical regression analyses also for this important outcome variable. However, linear regression analyses clearly supported an association of baseline gesture performance and social perception with follow-up functional capacity. Second, we applied the Mini-PONS to assess the accuracy of nonverbal perception. It contains various nonverbal stimuli that are not gestures. In future studies, a specific test of gesture perception should be applied. Third, the small sample size limits the number of factors that may be entered in the regression analyses. Thus, the potential contribution of other clinical factors to social outcome in schizophrenia could not be explored. Fourth, due to the exploratory nature, analyses were uncorrected for multiple comparisons. Thus, findings have to be interpreted with caution and require replication. Fifth, this was a naturalistic longitudinal study in which patients received treatment as usual. Therefore, we cannot infer whether particular treatment strategies may have improved social functioning or outcome of negative symptoms. However, no single specific treatment option has emerged to effectively target negative symptoms or social outcome. Finally, a common problem to longitudinal studies is decline in attrition rate, ultimately leading to selection bias. However, at baseline no relevant differences emerged between patients completing the study and patients lost to follow-up (supplementary table S4 ).
Conclusion
In a longitudinal study, two tasks of nonverbal communication, that is, hand gesture performance and nonverbal social perception, predicted negative symptoms, functional capacity, and functional outcome after 6 months. The performance of hand gestures at baseline was of added value predicting social functioning at follow-up beyond the baseline measure. Further longitudinal studies need to test whether simple tests of nonverbal communication skills may have the potential to become readily available outcome markers in schizophrenia.
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